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The GHGs saving from biofuels and bioliquids:
• measuring compliance with the requirements of 
the RED Directive concerning national targets
• measuring compliance with renewable energy 
obligations
• eligibility for financial support for the 
consumption of biofuels and bio liquids.
shall be at least 35 %
The GHG emission saving 
from the use of biofuels 
and bioliquids shall be 
• at least 50% from     Jan 
1st 2017
•at least 60% from      Jan 
1st 2018
2020 EU Targets on biofuels
Partner Contact Data (adress, phone, fax, email, etc.)
In tones, Source: European Biodiesel Board
The properties of 
biodiesel mixtures 
are limited by 
standard EN 14214 
to allow use as pure 
automotive  fuel.
Biodiesel blends in 
higher mixtures B20 
and B30 are set in 
the market
Biodiesel production trends at 
the RecOil countries
Introduction
˃ 60% of UCO is disposed 
improperly.
The EU domestic sector, is 
the main source of UCOs -
still not a widespread 
collection system.
Domestic UCO is 
considered waste, 
management is of local 
authorities’ responsibility 
(collection, transport, at 
least removal).
UCO is a problematic waste; its inadequate disposal can result
in harmful environmental effects:
•hinders sewage treatment
•highly toxic for natural ecosystems
•In households it can block pipes and cause odors.
Main producers of UCO:
Food industry HouseholdsHoReCa
Energy Recovery
Recoverable UCO in 
EU27: ~ 3.950 m3. 
Demand for diesel fuel: 
214.000 m3 (2007)
Only 1.8% of the EU 
diesel consumption 
could potentially be 
replaced by biodiesel 
produced from UCO
Advantages of UCO transformation into biodiesel
facilitates the management and the enhancement of the 
residue, avoiding landfill deposition.
decreases the energy transport distances and energy 
losses, facilitating compliance with the sustainability 
criteria for biofuels set out in Directive 2009/28/EC
helps to avoid negative effects of potential 
competition for agricultural use and land use 
problems
has the lowest GHG factor than any other biodiesel 
based on plant resourcesCO2
www.recoilproject.eu
How is it produced?
Biodiesel’s production  is 
based on a reaction of 
trans-esterification of 
vegetable oils, fats and 
cooking oils by adding 
MeOH and a catalyst 
(usually KOH or NaOH) that 
converts esters converted 
to triglycerides  to biodiesel 
and glycerol byproduct.
The raw material oils (which 
are extracted mechanically 
and chemically of soybean, 
rapeseed, sunflower or 
palm oil), animal fat or 
UCO.
In any case, fuel quality 









Barriers to the collection and 
processing UCO
•Biodiesel obtained 
from renewable lipids 
consists of long-chain 
fatty acid methyl 
esters (FAME)
•Technical problems 
biodiesel face include 
low- temperature 
properties, storage 
stability and slightly 
increased NOx 
exhaust emissions.
The main barriers hindering the efficient collection and
processing of UCOs are:
Collection systems inadequate, insufficient or 
non-existent
Lack of awareness and information about 
collection and recycling of UCOs
Scarce economic viability because insufficient 
collection volumes
Unfavorable regulatory framework or even 
undeveloped
Low sales potential of mixtures of biodiesel 
fueling stations
RecOil Action Plan
UCO utilisation in the biodiesel
production chain at RecOil countries
Companies using 100% 
UCO in their biodiesel 
production chain are 
recorded. 
UCO Recycling Habits






99,6% of the 
households use
olive oil for cooking
How often do you separate your household waste? 
UCO Recycling Habits
Household Survey in Greece
how many L/ kg of do you consume monthly in your 
home, to fry food?
UCO Recycling Habits
Household Survey in Greece
How often do you recycle UCO at home (how often do you 
store it at home and then put it in an appropriate container for 
recycling used cooking oil or deliver it to competent 
authorities)?
Demonstration projects
• 8 demonstration projects on UCO collection, 
transformation and commercialization in 5 EU 
countries (Denmark, Greece, Italy, Portugal, Spain)
• to stimulate new or to improve existing UCO 
collection systems, to showcase their feasibility 
and potential benefits for citizens and the whole 
community and to encourage similar initiatives in 
other regions. 
• The pilot projects empirically tested, on the 
field, and validated the good practices identified 
during the project development
Demonstration projects
• 4 new established systems; 4 existing systems improved
• The demonstration projects covered directly a 
population of 2.063.471 citizens; promotional 
campaigns though have a greater impact regionally and 
nationally.
• 16 municipalities established or optimized the UCO 
collection systems: 
ALESSCO (1-Castrovillari)
ENA (3-Setúbal, Palmela and Sesimbra)
TUC (1-Rethymno)
APEC (1-Cadiz)




ELIN (4 – Great Area of Athens, Marathon,  
Zakynthos Island)














Average FFA and H2O content of the collected UCO-samples
Quality Characteristics of the UCO samples 1/2
24 UCO samples converted to biodiesel with expectedcharacteristics (within specs density, viscosity, flashpoint, cetane number, copper strip corrosion, CFPP, cloudpoint, linolenic acid methyl ester, polyunsaturated methylesters, acid value, glycerides content, glycerol content,phosphorus content and metals Ca/Mg content).
S was off spec in 13 samples due to various foods contacted.
High S levels in the fuel may result in H2SO4 and SO42−production in the engine. H2SO4 may cause corrosion and SO42−lead to high particulate matter emissions.
Water content was found off spec in 10 samples, with valuesoff limit from 520 to 1068 ppm (limit 500 ppm), probably dueto insufficient drying.
High water content in biodiesel may lead to corrosion of someengine parts and microbial contamination which causes filterplugging problems.
Total contamination exceeded the 24 mg/kg limit in 6 samples.as all the solid material does not dissolve in the fuel.
High values of total contamination may lead to filterplugging or to deposits on the fuel injection system.
Quality Characteristics of the UCO samples 2/2
Ester content was out of specifications (96.5% m/m) in 15samples. The oils when heated during cooking/frying areoxidized and polymerized. The products of these reactions aresoluble in biodiesel and result in low ester content of thefinal product.
Low ester content fuels may result in operational problems ofthe engine due to depositions in the engine parts.
All the samples analysed were off spec in terms of oxidationstability. Most of the biodiesel produced from vegetable oilshave less than 8h of oxidation stability which is the limitand thus need antioxidant additives to be added. In addition,the cooking/frying process has a negative impact in oxidationstability of the final product.
Low oxidation stability result in fast oxidation of the fuelwhich in turn produces compounds that may cause fouling anddeposits in the fuel injection system of the engine.Moreover, the oxidation process of the fuels produces acidcompounds resulting in higher acidity fuels.
Only 2 fuels were off spec in terms of iodine value.
Iodine value limitations are imposed in order to record thenatural tendency of the fuel to oxidation, with higher valuesresulting in higher oxidation.



























Density at 15°C kg/m3 860 900 EN ISO 12185 885 891 882 885 889 529 887 887 881 883 877
Viscosity at 40°C mm2/s 3.5 5.0 EN ISO 3104 4.3 5.6 4.5 4.6 7.3 4.4 4.5 5.4 4.6 4.3 3.9
Flash Point °C 101 - EN ISO 3679 177.2 173 >170 124.5 171.8 173.5 111 >195 174 90
Sulphur Content mg/kg - 10.0 EN ISO 20846 12.0 3.3 9.6 44.9 1.2 9.2 6.2 17.7 20.3 18.4 ~5
Cetane Number - 51.0 - EN ISO 5165 54.5 53.3 56.7 56.0 55 53.1 53.7 58.2 59.2 54.8 53.2
Sulphated Ash % m/m - 0.02 ISO 3987 0 0 0 0 0.01 0 0 0 0 0 0.08
Water Content mg/kg - 500 EN ISO 12937 537 1439 683 464 467 369 600 2047 601 564 688
Total Contamination mg/kg ALL 24 EN 12662 82 24 7 73 65 20 13 26 14 16 71
Copper Strip Corrosion rating Class 1 Class 1 EN ISO 2160 1 1 1 1 1 1 1 1 1 1 1
CFPP °C - 13 (*) EN 116 -3 -5 -1 -3 -1 -4 -1 0 0 1
Cloud Point °C 16 (*) EN23015 1 -3 2 1 2 2 1 2 7
Ester Content % m/m 96.5 - ΕΝ 14103 96.8 94.3 94.0 95.6 93.8 84.9 95.7 >99 91.9
Linolenic Acid Methylester % m/m 12 ΕΝ 14103 1.6 0.9 0.9 0.4 1.5 0.4 0.9 0.4 0.1 0.26
Polyunsaturated Methyl 
Esters (≥ 4 double bonds)    % m/m - 1 ΕΝ 15779 <0.6 <0.6 <0.5 <0.6 <0.6 <0.6 <0.6 <0.6
Oxidation Stability at 110°C h 8 - ΕΝ 14112 3.22 4.40 3.70 4.14 1.1 4.46 2.10 1.72 2.05 3.79 2.1
Acid Value mg KOH/g - 0.50 EN 14104 0.23 0.48 0.19 0.34 .38 0.23 0.21 0.51 0.28 0.16 0.04
Iodine Value iodine/100g - 120 EN 14111 119 97 100 90 109 114 91 84 118 118
Monoglyceride Content % m/m - 0.700* ΕΝ 14105 0.413 0.537 0.462 0.64 0.330 0.449 0.944 0.490 0.414 0.73
Diglyceride Content % m/m - 0.200 ΕΝ 14105 0.062 0.084 0.088 1 0.097 0.084 1.802 0.066 0.066 1.01
Triglyceride Content % m/m - 0.200 ΕΝ 14105 0.002 0.009 0.11 <0.015 <0.006 5.416 0.009 0.002 0.275
Free Glycerol % m/m - 0.020 ΕΝ 14106 0.003 0.008 0.005 0.006 0.004 0.006 0.013 0.003 0.005 0.38
Total Glycerol % m/m - 0.250 ΕΝ 14105 0.116 0.157 0.136 0.264 0.106 0.133 1.075 0.139 0.121 0.61
Phosphorous Content mg/kg - 4.0 ΕΝ 14107 <0.5 <2.3 0.1 <4 <0.5 <0.5 <0.5 <0.5 0.3
Metals I (Na / K) mg/kg - 5.0 EN 14108 0 0 0 0 0.3/1.01 0 0 0 0 0 3.03
Metals II (Ca / Mg) mg/kg - 5.0 EN 14538 <1 <1 5.9 <1 <1 <1 <1 <1 3.46
Methanol Content % m/m - 0.20 ΕΝ 14110 0 0 0 0 0.74 0 0 0 0 0 1.09
Quality of the biodiesel produced from 100% UCO –EN 14214-1/2
In the 6 biodiesel samples:
in 4 samples the viscosity exceeded the limit of 5 indicatingincomplete reaction
High viscosity values could cause problems of fuel flowwithin engine parts leading to operational problems.
3 samples were off spec in terms of S content.
Sulphur effects on the fuel performance are described above.
In 2 samples the flash point was lower than the minimum valueof 101oC due to MeOH not totally removed from the product.
Very low flash point may lead to ignition problem of thefuel.
Water content was found off spec in all 6 samples ofbiodiesel, with values up to 2600 ppm (limit 500 ppm),probably due to insufficient drying.
Problems related to water are described above.
Total contamination in 2 biodiesel samples exceeded the 24mg/kg limit.
Total contamination effects above.
Quality of the biodiesel produced from 100% UCO –EN 14214-2/2
In 3 biodiesel samples the acid value exceeded the 0.5 mgKOH/g limit, which is probably the result of either thepresence of FFAs in the final product due to incompletereaction or the insufficient washing/separation in theneutralization phase of the catalyst/soaps.
Ester content was found off spec in all 6 samples was out ofspecification limits. This may be the reason to eitherincomplete reaction or to the nature of the oil, or even toboth of them.
Effects of the ester content on the fuel performance above.
All 6 samples of biodiesel had glycerides (mono-, di- and tri-) and total glycerol that exceeded specifications.
The presence of glycerides indicate incomplete reaction.
High values may cause problems to the viscosity of the fuelsand thus to the flow behaviour as well as filter pluggingproblems.
As concerns the comparison of the local transesterificationprocesses (ENA and TUC) and those of ELIN the results of thewere very close.





















UCO collected per month in L (2015, estimation)
Due to RecOil 
• 408 containers are in place; 5.500 families are involved indoor to door collection systems the existing systems nowcollect 183.351 Lt UCO/year.
• The main transformation method was the homogeneous catalysedesterification. Mostly biodiesel produced 100% by UCOs isclose to the required standards EN 14214, however it needsmixing with the biodiesel to fix properties.
• Infrastructures and strategies were created to sustain theaction, after the end of the contracting period, with theexception of Denmark where the UCO collection has beenproved not viable
• New systems achieved engagement of public authorities andstakeholders, operational collection process, great impacton awareness and launched the UCO recycling in areas whereit was disposed improperly with obvious benefits to theenvironment, citizens and municipalities, boosting a
rational waste recycling culture.
Success factors of the demonstration
• Ownership of the system by competent public 
authorities; commitment at the level of Mayors 
and Vice-Mayors 
• Active participation of school communities 
(students, teachers, parent); significant UCO 
collectors and ambassadors/multipliers
• Establishment and operation of a full supply 
chain 
• Efficient promotional campaigns with 
significant impacts and driving behavioural 
changes; Wide scale public information, which 
is still under going
• Policy related interventions to provoke 











SMEs specialized in 
biofuels from 6 
countries (Belgium, 
Denmark, Spain, 
Greece, Italy and 
Portugal).
˃ Energy and Environment Agency of Arrábida ˃ Factor Social˃ Regional Energy Agency for Barreiro, Moita, Montijo and Alcochete 
˃ Technical University of Crete-Environmental Engineering dpt, Renewable and Sustainable Energy Systems Lab ˃ ElinBiofuels SA. 
˃ ETA s.r.l˃ Local Energy Management Agency of Cosenza˃ Municipality of Castrolibero
˃ Energy Management Agency Province of Cádiz 
˃ Agro Business Park
˃ European Biomass Industry Association 
“The sole responsibility for the content of this [webpage, publication etc.] lies with the authors. It does not necessarily reflect the opinion of the European Union. Neither the EACI nor the European Commission are responsible for any use that may be made of the information contained therein.”www.recoilproject.eu
RecOil
Promotion of 
Used Cooking Oils 
Recycling for 
Sustainable Biodiesel 
Production
Professor Theocharis Tsoutsos
Theocharis.Tsoutsos@enveng.tuc.gr
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